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<54) TERNARY COMPOUND FILM AND MANUFACTURING METHOD THEREFOR 

(57) One kind of element belonging to I group or II 
group and one kind of binary compound including one 
kind of element belonging to III group and one kind of 
element selected from the group consisting of S, Se, Te 
and O are evaporated respectively by means of a vac- 
uum vapor deposition method or molecular beam epitax- 
ial method to produce a ternary compound 
semiconductor material having a low vapor pressure, 
and the thus produced ternary compound semiconduc- 
tor material is deposited on a substrate to form a ternary 
compound semiconductor thin film. Particularly, when a 
phosphor thin film for electroluminescence emitting blue 
light is to be grown, an element Sr and a binary com- 
pound 63283 are respectively evaporated by the vacuum 
evaporation method or molecular beam epitaxial method 
to deposit a ternary compound semiconductor material 
SrGa2S4 on a substrate, and at the same time impurity 
element Ge forming luminescent center is evaporated 
such that the ternary compound semiconductor material 
SrGa2S4 is doped with the impurity element. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a ternary compound 
thin film and a method of manufacturing the same, and 
more particularly relates to a crystal growing technique 
for forming a thin film of a ternary compound semicon- 
ductor material such as SrGa2S4 and a ternary com- 
pound phosphor thin film having a basic substance of 
said ternary compound semiconductor material by 
means of the vacuum vapor deposition method or molec- 
ular beam epitaxial method (MBE method). 

TECHNICAL BACKGROUND 

SrGa2S4 is one of the ternary compound semicon- 
ductor material and has a wide band-gap up to 4.4eV, so 
that this material may be advantageously used as a basic 
material of phosphors emitting radiation In a short wave- 
length region. T E. Peters et al have reported in "Journal 
of Electrochemical Society: SOLID STATE SCIENCE 
AND TECHNOLOGY". 119 (1972), pp. 230-236 that a 
cerium doped SrGa2S4 (SrGa2S4:Ce) powder phosphor 
emits blue luminescent light having good color purity 
However, it is practically difficult to obtain an AC driven 
thin film electroluminescent device having an ideal stoi- 
chiometric ratio (Sr:Ga:S=1:2:4) from this SrGa2S4 
material. When the ideal stoichiometric ratio is not 
attained, the color purity is deteriorated and the emission 
efficiency is decreased. 

in order to solve the above mentioned problem, Pla- 
nar Systems Inc.. U.S.A. has proposed a thin film man- 
ufacturing method, in which a strontium thiogallate 
SrGa2S4 thin film is formed by a sputtering method using 
a target having an excess amount of Ga2S3 by 3-5% for 
supplementing elements which will be lost during a film 
forming process as well as a high temperature annealing 
process (Japanese Patent Application Laid-open Publi- 
cation Kokai Hei 5-65478). However, a thin film formed 
by the sputtering method is amorphous (non-crystal), 
and thus it is necessary to perform a crystallization proc- 
ess after forming a thin film by means of a high temper- 
ature annealing. Therefore, even by this method it is 
difficult to obtain a phosphor thin film having a high qual- 
ity of crystallinity. For instance, when the above phosphor 
is applied to the AC driven thin film electroluminescent 
device emitting blue light, there were drawbacks that the 
light emission efficiency is low and the brightness is also 
low. 

A vacuum vapor deposition method in an ultra high 
vacuum and a molecular beam epitaxial melhod have 
been known as a method of manufacturing a thin film 
having a high degree of crystallinity. In these methods, 
there are used evaporation sources for particular ele- 
ments constituting a compound semiconductor material. 
For instance, when a SrGa2S4 ternary compound semi- 
conductor thin film is to be formed, strontium metal Sr. 



gallium metal Ga and sulfur element S are prepared as 
evaporation sources. 

When the SrGa2S4 ternary compound semiconduc- 
tor thin film is formed by using particular element evap- 

5 oration sources, a binding energy between sulfur 
element S and strontium metal Sr and a binding energy 
between sulfur element S and gallium metal Ga differ 
greatly from each other, so that it is difficult to form a thin 
film having a desired stoichiometric ratio. Further, sulfur 

10 element S has a high vapor pressure at a low tempera- 
ture, so that it in difficult to control a supply amount of 
sulfur, and further a vacuum system of the film forming 
apparatus is stained with sulfur. 

The present invention has for its object to provide a 

75 method of manufacturing, on a substrate, a ternary com- 
pound thin film having a good crystal property and having 
a desired stoichiometric ratio, while the above mentioned 
problems could be removed. 

ft is another object of the invention to provide a ter- 

20 nary compound phosphor thin film emitting blue light with 
a high emission efficiency. 

It is still another object of the invention to provide a 
blue light emitting electroluminescent device which can 
emit blue light required for a color display. 

25 

DISCLOSURE OF THE INVENTION 

In order to attain the above objects, according to the 
invention, a method of manufacturing a ternary com- 

30 pound thin film, characterized in that one kind of element 
belonging to I group or II group and one kind of binary 
compound including in combination one kind of element 
belonging to 111 group and one kind of element selected 
from the group consisting of element S, Se, Te and O are 

35 evaporated respectively by means of a vacuum vapor 
deposition method or molecular beam epitaxial method 
to produce a ternary compound semiconductor material 
having a low vapor pressure, and the thus produced ter- 
nary compound semiconductor material is deposited on 

40 a substrate to form a ternary compound semiconductor 
thin film. 

According to the invention, a method of manufactur- 
ing a phosphor thin film having a basic substance of a 
ternary semiconductor material, characterized in that 

45 one kind of element belonging to 1 group or II group and 
one kind of binary compound including in combination 
one kind of element belonging to the III group and one 
kind of element selected from the group consisting of S, 
Se, Te and O are evaporated respectively by means of a 

so vacuum vapor deposition method or molecular beam epi- 
taxial method to produce a ternary compound semicon- 
ductor material having a low vapor pressure, the thus 
produced ternary compound semiconductor material is 
deposited on a substrate to form a ternary compound 

55 semiconductor thin film, and at the same time, at least 
one kind of impurity element or compound thereof serv- 
ing as luminescent center is evaporated such that said 
ternary compound semiconductor thin film is doped with 
said impurity element to form a phosphor thin film having 
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a basic substance of the ternary compound semiconduc- 
tor material. 

In an embodiment of the method of- manufacturing 
the ternary compound thin film according to the inven- 
tion, said element belonging to I group is an element 
selected from the group consisting of Cu. Ag and Au. 

In another embodiment of the method of manufac- 
turing the ternary compound thin film according to the 
invention, said element belonging to II group is an ele- 
ment selected from the group consisting of Mg, Ca, Sr, 
Ba, 2n. Cdand Hg. 

In another embodiment of the method of manufac- 
turing a tiernary thin film according to the invention, said 
element belonging to Mi group is an element selected 
from the group consisting of Al. In and Ga. 

According to the invention, a method of manufactur- 
ing a ternary compound semiconductor thin film, char- 
acterized in that on element Sr and a binary compound 
08283 are evaporated by a vacuum vapor deposition 
method or molecular beam epitaxial method to produce 
a ternary compound semiconductor material SrGa2S4 
having a low vapor pressure, and the thus produced ter- 
nary compound semiconductor material is deposited on 
a substrate to grow a ternary compound semiconductor 
SrGa2S4 thin film. 

In an embodiment of the method of manufacturing 
the ternary compound semiconductor thin film, upon 
depositing the ternary compound semiconductor thin 
film on the substrate, a ratio of a vapor pressure of the 
binary compound 68283 to a vapor pressure of the ele- 
ment Sr (Ga2S3/Sr) is set to a value within a range from 
about 1 5 to about 1 50. and said substrate is heated to a 
temperature within a range from about 530*0 to atxjut 
605**C. 

According to the Invention, a method of manufactur- 
ing a phosphor thin film having a basic substance of a 
ternary compound semiconductor, characterized in that 
an element Sr and a binary compound 08283 are evap- 
orated by a vacuum vapor deposition method or molec- 
ular beam epitaxial method to produce a ternary 
semiconductor materia! SrGa2S4 having a low vapor 
pressure, the thus produced ternary compound semi- 
conductor material is deposited on a substrate to grow a 
ternary compound semiconductor SrGa2S4 thin film, and 
at the same time an impurity element serving as lumi- 
nescent center is evaporated such that said ternary com- 
pound semiconductor thin film is doped with said 
impurity element to form a phosphor thin film having a 
basic substance of a ternary compound semiconductor 
material. 

In an embodiment of the method of manufacturing 
the phosphor thin film having a basic substance of ter- 
nary compound semiconductor material, said impurity 
element serving as luminescent center is an element 
selected from the group consisting of La. Ce. Pr, Nd. Sm. 
Eu, tb. Dy, Ho. Er, Tm, Yb. Mn, Ni, Sn, Pb, F. CI. Br. I. Li. 
Na, K, Rb. Cs, P. As. Sb, Bi. Sc. Y and O. 

According to the invention, a method of manufactur- 
ing a phosphor thin film for electroluminescence, char- 



acterized in that an element selected from the group 
consisting of Ca. Ba and Mg and a binary compound 
08283 are evaporated by a vacuum vapor deposition 
method or molecular beam epitaxial method to produce 

5 a ternary compound semiconductor material CaGa2S4 
or 8863284 or MgGa2S4 having a low vapor pressure, 
the thus produced ternary compound semiconductor 
material is deposited on a substrate to form a ternary 
compound semiconductor thin film, and at the same time 

10 an impurity element serving as luminescent center is 
evaporated such that the ternary compound semicon- 
ductor thin film is doped with said impurity element to 
form a phosphor thin film for electroluminescence having 
a basic siiDstance of said ternary compound semicon- 

is ductor material. 

According to the invention, a method of manufactur- 
ing a phosphor thin film for electroluminescence, char- 
acterized in that an element selected from the group 
consisting of Sr. Ca. Ba, and Mg and a binary compound 

20 082863 are evaporated by a vacuum vapor deposition 
method or molecular beam epitaxial method to producs 
a ternary compound semiconductor material SrCa2Se4 
or CaOa2Se4 or BaGa28e4 or MgGa2Se4 having a low 
vapor pressure, the thus produced ternary compound 

25 semiconductor material is deposited on a substrate to 
form a ternary compound semiconductor thin film, and 
at the same time an impurity element serving as lumi- 
nescent center is evaporated such that the ternary com- 
pound semiconductor thin film is doped with said 

30 impurity element to form a phosphor thin film for electro- 
luminescence having a basic substance of said ternary 
compound semiconductor material. 

In the above mentioned method of manufacturing 
the phosphor thin film for electroluminescence according 

35 to the invention, it is preferable that the impurity element 
serving as luminescent center is a substance selected 
. from the group consisting of Ce. Pr, Sm, Eu, Tb, Dy, Ho, 
Er, Tm. Yb, Mn and halogenides thereof. 

According to the invention, a phosphor thin film hav- 

40 ing a basic substance of a ternary compound semicon- 
ductor material, characterized in that a basic substance 
of a ternary compound is formed by evaporating an ele- 
ment Sr and a binary compound 68283 by a vacuum 
vapor deposition method or molecular beam epitaxial 

45 method to deposit on a substrate a ternary compound 
semiconductor SrGa2S4 thin film and by evaporating an 
impurity element Ce serving as luminescent center such 
that said ternary compound semiconductor thin film is 
doped with said impurity element. 

so According to the invention, an AC driven thin film 
electroluminescent device emitting blue light and com- 
prising a transparent substrate, a transparent electrode 
deposited on said transparent sut^strate, a first insulating 
film deposited on said transparent electrode, a 

55 SrGa2S4:Ce phosphor thin film deposited on said first 
insulating film, a second insulating film deposited on said 
phosphor thin film and a back electrode deposited on 
said second insulating film, characterized in that said 
SrOa3S4:Ce phosphor thin film is formed by evaporating 
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an element Sr and a binary compound 08283 by means 
of a vacuum vapor deposition method or molecular beam 
epitaxial method to form a ternary compound semicon- 
ductor thin film and at the same time an impurity element 
serving as luminescent center is evaporated such that 
said ternary compound semiconductor thin film is doped 
with said impurity element. 

In an embodiment of the AC driven electrolumines- 
cent device according to the invention, each of said first 
and second insulating films is formed by an insulating 
film selected from the group consisting of a laminated 
film of tantalum oxide (Ta205)/silicon oxide (SiOa), a lam- 
inated film of tantalum oxide (TagOsVsilicon oxide 
(Si02)/2inc sutfide (ZnS). a silicon nitride (Si3N4) film, a 
strontium titanate (SrTiOs) film, a lead zirconium titanate 
(PbZrrxTixO3:x=0-l) film, a laminated film of strontium 
titanate (SrTiOaj/silicon nitride (Si3N4). a laminated film 
of strontium titanate (SrTi03)/aluminum oxide ( AI2O3), a 
barium titanate (BaTi03)fllm, a lead titanate (PbTiOs) 
film, an aluminum titanate (AITiOs) film, and a laminated 
film of silicon oxide (SiOg), silicon nitride (SigN^) and alu- 
minum oxide (AI2O3). When the insulating film formed by 
a laminated film including a strontium titanate (SrTiOa) 
film is used as the insulating film, it is preferable that the 
strontium titanate filmJs brought into contact with the 
phosphor thin film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing kinds of thin films 
obtained under conditions determined by a vapor 
pressure ratio of a source material (Ga2S3/Sr) and 
a substrate temperature; 

Fig. 2 is a schematic view illustrating a degree of 
crystallinity of thin films formed by changing the 
vapor pressure ratio of source materials in the 
method according to the invention; 
Fig. 3 is a schematic view depicting an X-ray diffrac- 
tion pattern of a ternary compound semiconductor 
thin film deposited on a glass substrate formed by 
the method according to the invention; 
Fig. 4 is a photoluminescence spectrum of the phos- 
phor thin film (strontium thiogallate SrGa2S4:Ce) 
formed by adding a cerium element Ce to a ternary 
compound semiconductor SrGa2S4) in the method 
according to the invention; 

Fig. 5 is a cross sectional view illustrating the AC 
driven thin film electroluminescent device using the 
SrGa2S4:Ce phosphor thin film formed by the 
method according to the invention; 
Fig. 6 is a schematic view depicting an X-ray diffrac- 
tion pattern of the SrGa2S4:Ce phosphor thin film in 
said AC driven thin film electroluminescent device; 
Fig. 7 is an electroluminescent spectrum of the AC 
driven thin film electroluminescent device using the 
SrGa2S4:ee phosphor thin film; and 
Fig. 8 is a graph representing a relationship between 
an applied voltage and an emission intensity of the 
AC driven thin film electroluminescent device using 



the SrGa2S4:Ce phosphor thin film manufactured by 
the method according to the invention. 

BEST MODE OF THE INVENTION 

5 

Now the present invention will be explained in detail 
with reference to embodiments shown in attached draw- 
ings. 

As an embodiment of the method of manufacturing 
70 a ternary compound thin film according to the invention, 
a method of forming a SrGa2S4 ternary compound thin 
film on a glass substrate by means of a vacuum vapor 
deposition method will be first explained. 

In the present embodiment, the following reaction is 
15 utilized: 

Sr + 2Ga2S3 SrGa2S4 + 2GaS 

In this reaction, a vapor pressure of the produced 

so binary compound GaS is high (therefore a vapor pres- 
sure of the produced ternary compound SrGa2S4 is low), 
and thus it is necessary to set a film forming condition 
such that the ternary compound is evaporated again. In 
a vacuum vapor deposition device used in the present 

25 embodiment, within the device there are arranged a K 
(Knudsen) cell supplying a vapor of a metal element Sr 
and a K cell supplying a vapor of a binary compound 
Ga2S3. A part of the binary compound Ga2S3 is decom- 
posed into GaS and sulfur element S on the heated sub- 

30 strate. At last, one element of Sr and two molecules of 
Ga2S3 are changed into one molecule of SrGa2S4 and 
two molecules of GaS. As stated above, since a com- 
pound of Ga and S (GaS) has a relatively high vapor 
pressure, only a desired ternary compound SrGa2S4 can 

35 be deposited on the substrate by setting the heating tem- 
perature of the glass substrate and a growing rate during 
the film forming process such that an excessive amount 
of gallium sulfide is evaporated again. 

In order to evaporate an excessive amount of galSium 

40 sulfide, a supply amount ratio of Ga2S3 to Sr (Ga2S3/Sr) 
and the temperature of the substrate during the film form- 
ing process are important. When the supply amount ratio 
is too large and the glass substrate temperature is too 
low, a part of the decomposed GaS could not be evapo- 

45 rated again, but is remained on the substrate, so that 
GaS is grown on the substrate. Contrary to this, when 
the supply amount ratio is low or the substrate tempera- 
ture is high, shortage of Ga occurs and strontium sulfide 
SrS is grown. 

so Fig . 1 is a schematic view showing a kind of thin films 
obtained under various film forming conditions deter- 
mined by a ratio of vapor pressure of said Ga2S3 and Sr 
and a temperature of a glass substrate. From the drawing 
it can be seen that in order to obtain the SrGa2S4 com- 

55 pound semiconductor thin film, the vapor pressure ratio 
has to be set a value within a range from about 15 to 
about 1 50 and the substrate temperature should be set 
to a value within a range from about 530**C to about 
605**C. 
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Fig. 2 is a graph showing a degree of crystallinity of 
the thin film, while the substrate temperature of the glass 
substrate is set to 560^C and a ratio of the vapor pressure 
of GaaSa to the vapor pressure of Sr (i.e. Ga2S3/Sr) is 
changed. In the drawing. (422). (444) and (480) denote 
plane indices of diffraction lines appearing in X-ray dif- 
fraction spectrum of SrGa2S4, and an X-ray diffraction 
intensity represents a degree of crystallinity of the film. 
The drawing of Fig. 2 indicates that there is an optimum 
vapor pressure ration under which GAS is evaporated 
again and only SrGa2S4 grows. This optimum vapor 
pressure ratio is from 30 to 80. It should be noted that 
broken lines SrS(200) and GaS(004) denote a peak 
intensity of (200) plane of SrS and a peak intensity of 
(004) plane of GaS appearing in the X-ray diffraction 
spectrum. 

Fig. 3 illustrates an X-ray diffraction spectrum of a 
SrGa2S4 semiconductor thin film which was formed 
under such a supply amount ratio that only SrGa2S4 is 
deposited (in Fig., abscissa 26 denotes an X-ray diffrac- 
tion angle). All peak positions (figures in blankets repre- 
sent corresponding indices of crystal faces) are identical 
to those obtained in a SrGa2S4 crystal. This indicates 
that the SrGa2S4 semiconductor thin film has a good 
crystallinity. Further, a growing speed is important in the 
formation of the SrGa2S4 thin film and intimately relates 
to a flatness of film. When the growing speed is low, it is 
possible to obtain a much more flat thin film. In the 
present embodiment, the growing speed is proportional 
to the supply amount. 

In the embodiment explained so far, the SrGa2S4:Ce 
ternary compound semiconductor thin film is formed on 
the glass substrate by the vacuum vapor deposition 
method. According to the invention, it is also possible to 
form the ternary compound semiconductor thin film by 
substituting the glass substrate for a crystal (single-crys- 
talline or poly-crystalline) having a suitable lattice con- 
stant. Furthermore, according to the invention a ternary 
compound semiconductor thin film maybe formed by the 
molecular beam epitaxial method by using the glass sub- 
strate or CTystalline substrate (single-crystalline or poly- 
crystalline) having a suitable lattice constant. By using 
the molecular beam epitaxial method, it is possible to 
obtain a ternary compound semiconductor thin film hav- 
ing more excellent crystallinity than the vacuum vapor 
deposition method. 

It should be noted that the method of manufacturing 
the ternary compound semiconductor thin film is not lim- 
ited to the above embodiment in which the Sr evaporation 
source and 08283 evaporation source are used to form 
the SrGa2S4 ternary compound semiconductor thin film, 
but may be generalized in the following manner. 

That is to say, the metal element Sr evaporation 
source may be replaced by a metal element Mg, Ca, Ba, 
2n. Cd or Hg belonging to group II or a metal element 
Cu. Ag or Au belonging to group I, and the binary com- 
pound 08283 may be replaced by aluminum sulfide 
AI2S3, indium sulfide ln2S3. aluminum selenide Al2Se3, 
gallium selenideGa2Se3, indium selenide ln2Se3, alumi- 



num telluride Al2Te3, gallium tellurideGa2Te3. indium tel- 
luride ln2Te3, gallium oxide Ga203 or indium oxide ln203. 
Then, II-III2-VI4 or I-III-VI2 ternary compound semicon- 
ductor thin film can be obtained. Here, aluminum Al. 

5 indium In and gallium Ga all belong to the 111 group metal. 
It is also possible to use a ternary 1 11- VI compound such 
as GaS as the evaporation source. 

Next a method of forming a phosphor thinfilm having 
a basic substance of a ternary compound formed during 

10 the formation of the above mentioned ternary compound 
semiconductor thin film will be explained. 

A K cell serving as an evaporation source of impurity 
element forming a luminescent center such as rare earth 
element is additionally provided in the method of manu- 

15 facturing the ternary compound semiconductor thin film 
by the vacuum evaporation method or molecular beam 
epitaxial method, and a small amount of a vapor of said 
impurity element is supplied, so that the ternary com- 
pound semiconductor thin film is doped with said impu- 

20 rity element to form a phosphor thin film having, a high 
luminescent efficiency. The impurity dopant may ba an 
element selected from the group consisting of La, Ce, Pr, 
Nd, Sm, Eu, Tb, Dy. Ho. Er, Tm, Yb, Mn, Ni. Sn, Pb, F. 
CI, Br. I. U. Na. K, Rb, Cs, P, As. Sb. Bi. Sc. Y and O. 

25 According to the invention, it is particularly preferable to 
use the impurity dopant forming the luminescent center 
selected from the group consisting of Ce. Pr, Sm. Eu, Tb, 
Dy. Ho. Er, Tm. Yb. Mn and halogenides of these ele- 
ments. As will be explained later, when use is made Ce, 

30 a phosphor thin film emitting blue light is obtained. When 
use is made of Pr, Eu. Tb, Er or Mn, it is possible to attain 
a phosphor thin film emitting green light, when Nd or Sm 
is used, a phosphor thin film emitting orange light is 
obtained, when Dy is used, a phosphor thin film emitting 

35 yellow light is obtained, when Ho is used, a phosphor 
thin film emitting green white light is attained, and when 
Tm is used as the impurity dopant, it is possible to obtain 
a phosphor thin film emitting red light. 

Particularly, the cerium doped strontium thiogallate 

40 SrGa2S4:Ce can emit blue light having a good chroma- 
ticity and also has a high emission efficiency, and there- 
fore this phosphor thin film may be utilized in a 
luminescent display panel and AC driven electrolumines- 
cent device. 

45 Fig. 4 shows a photoluminescence spectrum of the 
SrGa2S4:Ce phosphor thin film manufacturied by the 
method according to the invention. A peak wavelength 
of luminescence is 450 nm within a blue region and its 
chromaticity situates at a position of x=0.142. y=:0.129 

50 on the CIE chromaticity diagram, said position being sub- 
stantially identical with blue phosphor used in current tel- 
evision display tubes. Therefore, it is possible to realize 
a phosphor color display panel by using the phosphor 
thin film for emitting blue light. 

55 Fig. 5 illustrates the construction of the AC driven 
thin film electroluminescent device (hereinafter refereed 
to EL device). The EL device of the present embodiment 
was manufactured in the following manner. On a gloss 
substrate 1 were deposited a transparent electrode 2 of 
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tin added indium oxide (ITO) and an insulating film 3 hav- 
ing a thickness of 5000 Angstroms, successively. Then, 
a SrGa2S4:Ce phosphor thin film 4 having a thickness of 
5000 Angstroms was formed by performing the vacuum 
vapor deposition under conditions that the substrate 
temperature is set to 530-560<'C, a vapor pressure ratio 
Ga2S3/Sr is set to 20-60 and the growing speed is set to 
1 0-1 00 Angstroms/minute. Under said-film forming con- 
ditions, SrGa2S4, (400), (800) or (422) orientation was 
recognized as a main crystal orientation as shown in Fig. 
6. Then, an insulating film 5 having a thickness of about 
5000 Angstroms was formed, and a back electrode 6 
made of aluminum was deposited on the insulating film. 
When an AC voltage V was applied from an AC voltage 
source 7 across the transparent electrode 2 and the back 
electrode 6, blue light was emitted by the EL device. 

The above mentioned insulating films 3 and 5 may 
be formed by an insulating film selected from the group 
consisting of a laminated film of tantalum oxide 
(Ta205)/silicon oxide (Si02). a laminated film of tantalum 
oxide (Ta205)/silicon oxide (Si02)/2inc sulfide (2nS), a 
silicon nitride (Si3M4) film, a strontium titanate (SrTiOa) 
film, a lead zirconium titanate (Pb2rl-xTixO3:x=0-l) film, 
a laminated film of strontium titanate (SrTi03)/silicon 
nitride (Si3N4). a laminated film of strontium titanate 
(SrTi03)/aluminium oxide (AlgOs). Furthermore, the 
insulating film may be formed by a barium titanate 
(BaTlOs) film, a lead titanate (PbTiOs) film, an aluminum 
titanate (AITiOs) film or a laminated film of silicon oxide 
(SiOa), silicon nitride (Si3N4) and aluminum oxide 
( AI2O3). It has been experimentally confirmed that when 
a laminated film including the strontium titanate is used 
as the insulating films 3 and 5, it is possible to obtain the 
EL device having better electroluminescent properties 
by constructing the element such that the phosphor thin 
film 4 is brought into contact with the strontium titanate 
film. 

The above mentioned glass substrates were made 
of NA-40 glass (HOYA company) and 7059 glass (CON- 
ING company). In case of manufacturing the 
SrGa2S4:Ge phosphor thin film 4 by the method accord- 
ing to the invention, the substrate temperature is set to 
530-560*C which is lower than heat-resistance temper- 
atures of the NA-40 and 7059 glasses constituting the 
substrate 1, and further it is no more necessary to per- 
form a high temperature annealing process after growing 
the thin film, so that ordinary glass substrates which have 
been used as substrates of EL devices may be utilized. 
Therefore, it is no more necessary to use expensive 
glass substrates having high heat-resisting temperature 
which have been used in the known manufacturing meth- 
ods requiring the high temperature annealing, and thus 
a manufacturing cost of the above mentioned EL device 
can be decreased. 

Fig, 7 shows a luminescent spectrum of the EL 
device using the SrGa2S4:Ce phosphor thin film manu- 
factured by the method according to the invention. The 
El element having the luminescence layer constructed 
by the SrGa2S4:Ce phosphor thin film also has a lumi- 



nescent peak wavelength of 450 nm within a blue region 
and its chromaticity situates at a point represented by 
x-0.14 and y=0.12 on the CIE chromaticity coordinates. 
Fig. 8 depicts an emission intensity of the EL element 

5 with respect to an applied voltage, in said EL element 
the strontium titanate insulating films 3 and 5 being 
brought into contact with said SrGa2S4:Ce phosphor thin 
film 4. In this EL device, the emission intensity higher 
than 100 cd/m^ (driving frequency IKHz) can be 

70 attained. The color purity and emission intensity of the 
alxjve EL device are sufficiently high for satisfying nec- 
essary properties for blue luminescence in a color dis- 
play, and therefore it is possible to realize a color EL 
display having an excellent color reproduction by using 

75 the above EL device. 

In the above explained embodiment, the 
SrGa2S4:Ge phosphor thin film is formed on the glass 
substrate by the vacuum vapor deposition method, but 
according to the invention the glass substrate may be 

20 replaced by a crystal substrate (single-crystalline or 
poly-crystalline) having a suitable lattice constant and a 
. phosphor thin film having a basic substance of a ternary 
compound semiconductor material. Moreover, accord- 
ing to the invention, a phosphor thin film having a basic 

25 substance of a ternary compound semiconductor mate- 
rial may be manufactured by the molecular beam epitax- 
ial method by using the above mentioned glass substrate 
or crystal substrate (single-crystalline or poly-crystalline) 
having a suitable lattice constant. By using the molecular 

30 beam epitaxial method, it is possible to form a phosphor 
thin film having a more excellent crystallinity than the 
vacuum evaporation method. 

POSSIBILITY OF INDUSTRIAL UTILIZATION 

35 

In the method according to the invention, it Is possi- 
ble to form the ternary compound thin film having a 
desired stoichiometric ratio and a higher degree of crys- 
tallinity as compared with the known method of forming 

40 ternary compound thin films in which particular elements 
constituting the ternary compound are evaporated from 
respective evaporation sources. Further, according to 
the invention, it is possible to form the phosphor thin film 
v/hich can emit blue light at a high efficiency. By using 

45 such a phosphor thin film, it is possible to realize an elec- 
troluminescent device having blue light emitting property 
which sufficiently satisfies a necessary property for a 
color display. 

50 Claims 

1 . A method of manufacturing a ternary conrpound thin 
film , characterized in that one kind of element 
belonging to I group or II group and one kind of 
55 binary compound including one kind of element 
belonging to III group and one kind of element 
selected from the group consisting of 8, Se, Te and 
O are evaporated respectively by means of a vac- 
uum vapor deposition method or molecular beam 
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epitaxial method to produce a ternary compound 
semiconductor material having a low vapor pres- 
sure, and said ternary compound semiconductor 
materia! is deposited on a substrate to form a ternary 
compound semiconductor thin film. 

2. A method of manufacturing a phosphor thin film hav- 
ing a basic substance of a ternary semiconductor 
material, characterized in that one kind of element 
belonging to I group or II group and one kind of 
binary compound consisting of one kind of element 
belonging to the III group and one kind of element 
selected from the group consisting of S, Se, Te and 
O are evaporated respectively by means of a vac- 
uum vapor deposition method or molecular beam 
epitaxial method to produce a ternary compound 
semiconductor material having a low vapor pres- 
sure, the thus produced ternary compound semi- 
conductor material is deposited on a substrate to 
form a ternary compound semiconductor thin film, 
and at the same time at least one kind of impurity 
element or a compound thereof serving as lumines- 
cent center is evaporated such that the ternary com- 
pound semiconductor thin film is doped wWh said 
impurity element to form a phosphor thin film having 
a basic substance of the ternary compound semi- 
conductor material. 

3. A method as claimed in claim 2, characterized in that 
said element belonging to I group is an element 
selected from the group consisting of Cu, Ag and Au. 

4. A method as claimed in claim 2, characterized in that 
said element belonging to II group is an element 
selected from the group consisting of Mg, Ca, Sr, Ba, 
Zn, Cd and Hg. 

5. A method as claimed in claim 2, characterized in that 
said element belonging to III group is an element 
selected from the group consisting of Al, In and Ga. 

6. A method as claimed in claim 2 , characterized in that 
sard inpurity element serving as luminescent center 
is an element selected from the group consisting of 
La, Ce, Pr, Nd, Sm. Eu, Tb. Dy, Ho. Er, Tm. Yb. Mn, 
Ni, Sn, Pb, F, CI, Br, I, U, Na, K, Rb, Ca, P, As, Sb, 
Bi. Sc, Y and O. 

7. A method of manufacturing a ternary compound 
semiconductor thin film, characterized in that an ele- 
ment Sr and a binary compound 63283 are evapo- 
rated by a vacuum vapor deposition method or 
molecular beam epitaxial method to produce a ter- 
nary compound semiconductor material SrGa2S4 
having a low vapor pressure, and the thus produced 
ternary compound semiconductor material is 
deposited on a substrate to grow a ternary com- 
pound semiconductor SrGa2S4 thin film. 



8. A method as claimed in claim 7, characterized in that 
upon depositing the ternary compound semiconduc- 
tor thin film on the substrate, a ratio of a vapor pres- 
sure of the binary compound 03283 to a vapor 
5 pressure of the element Sr (Ga2S3/8r) is set to a 

value within a range from about 1 5 to about 1 50, and 
said substrate is heated to a temperature within a 
range from about 530**G to about 605**C. 

10 9. A method of manufacturing an electroluminescent 
phosphor thin film having a basic substance of a ter- 
nary conpound semiconductor material, character- 
ized in that an element Sr and a binary compound 
GagSs are evaporated by a vacuum vapor deposi- 

75 tion method or molecular beam epitaxial method to 
produce a ternary compound semiconductor mate- 
rial SrGa2S4 having a low vapor pressure, the thus 
produced ternary compound semiconductor mate- 
rial is deposited on a substrate to grow a ternary 

20 compound semiconductor SrGa2S4 thin film, and at 
the same time a cerium element or a cerium halo- 
genide is evaporated as impurity serving as lumines- 
cent center such that the ternary compound 
semiconductor thin film is doped with said impurity 

25 to form a phosphor thin film having a basic sub- 
stance of a ternary compound semiconductor mate- 
rial. 

1 0. A method as claimed in claim 9, characterized in that 
30 said cerium or cerium halogenide impurity serving 
as luminescent center is replaced by a substance 
selected from the group consisting of Pr, Sm, Eu, Tb, 
Dy, Ho, Er, Tm, Yb, Mn and halogenides thereof. 

35 1 1 . A method as claimed in claim 9, characterized in that 
a tenperature of the substrate, a ratio of a vapor 
pressure of the binary compound GagSa to that of 
the elehient Sr (Ga2S3/Sr) and a film growing speed 
are selected such that an orientation (400) or (800) 

40 or (422) of said ternary compound semiconductor 
material SrGa2S4 exhibits as a main crystal orienta- 
tion. 

12. A method as claimed in claim 11, characterized in 
45 that the temperature of the substrate is set to 530- 

560**C, the ratio of a vapor pressure of the binary 
compound 03283 to that of the element 
8r(Ga283/Sr) is set to 20-60 and the film growing 
speed is set to 10-100 Angstroms/minute. 

50 

1 3. A method as claimed in claim 9. characterized in that 
upon depositing said ternary compound semicon- 
ductor material SrGa2S4 thin film on the substrate, 
a substrate having a laminated film of strontium 

55 titanate (SrTi03)/silicon nitride X8i3N4) or a lami- 
nated film of strontium titanate (SrTi03)/aluminum 
oxide (AI2O3) is used such that said ternary com- 
pound semiconductor material film is brought into 
contact with said strontium titanate thin film. 
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14. A method of manufacturing a phosphor thin film for 
electroluminescence, characterized in that an ele- 
ment selected from the group consisting of Ca. Ba 
and Mg and a binary compound GagSa are evapo- 
rated by a vacuum vapor deposition method or a 
molecular beam epitaxial method to produce a ter- 
nary compound semiconductor material CaGa2S4 
or BaGa2S4 or MgGa2S4 having a low vapor pres- 
sure, the thus produced ternary compound semi- 
conductor material is deposited on a substrate to 
form a ternary compound semiconductor material 
thin film, and at the same time an impurity element 
serving as luminescent center is evaporated such 
that the ternary compound semiconductor film is 
doped with said impurity element to form a phosphor 
thin film for electroluminescence having a basic sub- 
stance of said ternary compound semiconductor 
material. 

15. A method as claimed in claim 14, characterized in 
that said impurity element serving as luminescent 
center is a substance selected from the group con- 
sisting of Ce, Pr, Sm, Eu, Tb, Dy. Ho, Er, Tm, Yb, Mn 
and halogenides thereof. 

16. A method as claimed in claim 14. characterized in 
that upon depositing said thin film of the ternary 
compound semiconductor material CaGa2S4. 
BaGa2S4 or MgGa2S4 on the substrate, a substrate 
having a strontium titanate (SrTiOs) thin film formed 
on a surface thereof is used such that said ternary 
compound semiconductor material thin film is 
brought into contact with the strontium titanate thin 
film. 

17. A method of manufacturing a phosphor thin film for 
electroluminescence, characterized in that an ele- 
ment selected from the group consisting of Sr, Ca, 
Ba and Mg and a binary compound Ga2Se3 are 
evaporated by a vacuum vapor deposition method 
or a molecular beam epitaxial method to produce a 
ternary compound semiconductor material 
SrGa2Se4 or CaGa2Se4 or BaGa2Se4 or MgGa2Se4 
having a low vapor pressure, the thus produced ter- 
nary compound semiconductor material is depos- 
ited on a substrate to form a ternary connpound 
semiconductor material thin film, and at the same 
time an impurity substance serving as luminescent 
center is evaporated such that the ternary com- 
pound semiconductor film is doped with said impu- 
rity substance to form a phosphor thin film for 
electroluminescence having a basic substance of 
said ternary compound semiconductor material. 

18. A method as claimed in claim 17. characterized in 
that said impurity substance serving as luminescent 
center is selected from the group consisting of Ce, 
Pr, Sm, Eu, Tb, Dy, Ho. Er. Tm. Yb, Mn and haloge- 
nides thereof. 



19. A method as claimed in claim 17, characterized in 
that upon depositing said ternary compound semi- 
conductor material SrGa2Se4 or CaGa2Se4 or 
BaGa2Se4 or MgGa2Se4. a substrate having a 
5 strontium titanate (SrTiOa) thin filmformed on a sur- 

face thereof is used such that said ternary com- 
pound semiconductor thin film is brought into 
contact with said strontium titanate thin film. 

10 20. An AC driven thin film electroluminescent device 
emitting blue light and comprising a transparent sub- 
strate, a transparent electrode deposited on said 
transparent sutjstrate, a first insulating film depos- 
ited oh said transparent electrode, a SrGa2S4:Ce 

15 phosphor thin film deposited on said first insulating 
film, a second insulating film deposited on said phos- 
phor thin film and a back electrode deposited on said 
second insulating film, characterized in that said 
SrGa2S4:Ce phosphor thin film is formed such that 

20 an element Sr and a binary compound Ga2S3 ^re 
evaporated by means of a vacuum vapor deposition 
method or a molecular beam epitaxial method to 
form a ternary compound semiconductor thin film 
and at the same time an impurity el ement Ce serving 

25 as luminescent center is evaporated such that said 
ternary compound semiconductor thin film is doped 
with said impurity element. 

21. An AC driven thin film electroluminescent device as 
30 claimed in claim 20, characterized In tfiat each of 

said first and second insulating films is formed by an 
insulating film selected from the group consisting of 
a laminated film of tantalum oxide (TagOsVsilicon 
oxide {Si02), a laminated film of tantalum oxide 

35 (Ta205)/silicon oxide (SI02)/zlnc sulf ide (ZnS), a sil- 
icon nitride (Si3N4) film, a strontium titanate (SrTiOa) 
film, a lead zirconium titanate (Pb2rl-xTixO3:x=0-l) 
film, a laminated film of strontium titanate 
(SrTiOsVsilicon nitride (Si3N4), a laminated film of 

40 Strontium titanate {SrTi03)/aluminum oxide (AI2O3), 
a barium titanate (BaTiOs) film, a lead titanate 
(PbTiOs) film, an aluminum titanate (AlTiOs) film, 
and a laminated film of silicon oxide (Si02), silicon 
nitride (Si3N4) and aluminum oxide (AI2O3). 

45 

22. An AC driven thin film electroluminescent device as 
claimed in claim 20, characterized in that said insu- 
lating film is formed by an insulating film selected 
from the group consisting of a laminated film of 

50 strontium titanate (SrTiOaVsilicon oxide (Si02), a 
laminated film of strontium titanate (SrTOaVsilicon 
nitride (Si3N4) and a laminated film of strontium 
titanate (SrTiOsValuminum oxide (AI2O3). and said 
SrGa2S4:Ce phosphor thin film is brought into con- 

55 tact with said strontium titanate thin film. 
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